In two separate 2 x 2 factorial arrangements, 69 male, crossbred lambs were allotted randomly to the following treatments: 1) nonimplanted (NI) rams, 2) implanted (I) rams, 3) NI wethers, and 4) I wethers. In Trial 1, 36 lambs were allotted to treatment groups at birth (n = 9) and I lambs were implanted with 12 mg of zeranol between 1 and 3 d of age and again at weaning (average age of 62 d). Lambs were slaughtered at three time-constant end points of 78, 93, and 107 d on feed postweaning (average age of 155 d). Rams grew faster postweaning, were more efficient in their feed conversion, were heavier at slaughter, and had lower numerical yield grades than did wethers (P < .051. Implanted lambs tended (P = .08) to grow faster and were (P < .051 more efficient in their feed conversion than NI lambs. Rams produced heavier (P < ,051 trimmed subprimal shoulders, loins, and legs and had (P < .05) a higher percentage of their carcass weight in the subprimal shoulder than did wethers. During Trial 2, NI rams (n = 81, I rams (n = 81, NI wethers (n = 81, and I wethers (n = 9) were allotted to treatment groups, and I lambs were implanted at average ages of 14, 55, and 98 d. After weaning, lambs were weighed every 14 d and were slaughtered 7 d after reaching a minimum weight of 50 kg (average age of 148 dl. Rams grew faster postweaning and required fewer days to reach 50 kg (132 vs 151 d) than did wethers (P < .051. No differences (P > ,051 occurred due to treatments for yield grades or subprimal weights and percentages. In both trials, I rams had (P < ,051 smaller scrotal circumferences and lighter testicular weights than did NI rams. Implanting with zeranol beginning near birth may improve postweaning performance in ram and wether lambs but has minimal effects on carcass yield and quality and subprimal yield and distribution. Although rams have greater performance, cutability, subprimal cut weights, and percentage of subprimal shoulder than do wethers (Trial 11, differences in carcass and subprimal yields can be minimized by slaughtering rams at a constant weight and at a younger age (Trial 2).
Introduction
Ram lambs are superior to wethers in carcass from the Kansas Agric. Exp. Sta., Manhattan 66506. Appreciation is expressed to Pitman-Moore, leanness, growth rate, and feed efficiency (Field, Terre Haute. IN for partial funding. The authors thank L. 1971; &ideman et al., 1982) . However, Tatum et al.
Nelson, J. Wolf, and S. Stroda for technical assistance and aid (1988) reported that only .60,0 of the carcasses in a in collection of data and V. Stillwell for final preparation of the national survey (6, 000 characteristics associated with ram carcasses: 1) a NOLD and shoulder regions, 2) a "bucky" appearance, and 3) lower quality grades (Seideman et al., 19821 . Implanting zeranol (Pitman-Moore, Terre Haute, IN; an anabolic agent with estrogen-like activity) improved daily gain and feed efficiency in ram (Wilson et al., 1972b) and wether lambs (Wilson et al., 1972a,b; Wangsness, 19821 . These and other studies with zeranol implants (Sharp and Dyer, 1971; Long et al., 1987) have focused only on postweaning implantation of lambs. However, implanting with zeranol from birth to slaughter delayed sexual development, decreased masculinity, and improved quality grades without reducing live performance in implanted compared with nonimplanted bulls  Unruh et al., 1986) .
Implanting ram lambs at young ages could potentially delay maturation and reduce the problems associated with ram carcasses and optimize their performance and cutability. Our studies were designed to determine the effects of implanting rams and wethers with zeranol, under two different implanting regimens, on performance, masculinity, carcass characteristics, and subprimal cut yields and distribution.
Materials and Methods

Trial 1
Live AnimaZ Measurements. Thirty-six springborn, male lambs were randomly allotted at birth to one of four treatment groups (n = 9): 11 nonimplanted (NII rams, 2) rams implanted with zeranol (Ralgroa; Pitman-Moore Inc., Terre Haute, IN) at birth and weaning, 3) NI wethers, and 4) wether implanted with zeranol at birth and weaning. All lambs were reared as singles or twins on their natural dams. Dams were 2-, 3-, and 4-yr-old Polypay x (Rambouillet x Dorsetl ewes. Most lambs were sired by purebred Rambouillet rams. One lamb from each treatment was sired by a Suffolk ram.
Between 1 and 3 d of age, implant (I) lambs were implanted with 12 mg of zeranol and wether lambs were castrated by elastrator banding. All lambs were eartagged, docked (by elastrator bands), and injected with Vitamins A, D, and Biz. Lambs were vaccinated for enterotoxemia, Types C and D, at approximately 2 wk of age. Creep feed was available free choice before weaning.
At a n average age of 62 d, all lambs were weaned, weighed, and revaccinated for enterotoxemia, and implanted lambs were reimplanted with 12 mg of zeranol. During the feeding period, individual weights were recorded at 14-d intervals after a 12-h withdrawal of feed and water. Scrotal circumferences of ram lambs were recorded at weaning and every 28 d thereafter until slaughter.
ET AL.
At weaning, lambs within treatment groups were assigned by weight, age, and breed of sire to one of three pens (three lambs per pen) for estimation of feed efficiency. Feed consumption was measured for each pen at 14-d intervals. A high-protein creep diet was fed for the first 2 wk postweaning. A 70% concentrate finishing diet was fed for the remainder of the trial. One I ram lamb was removed from the experiment 3 wk after weaning because of a scrotal hernia.
Lambs were assigned to slaughter groups 4 wk postweaning. The heaviest lamb per pen was assigned to slaughter group 1, the intermediate weight lamb to slaughter group 2, and the lightest lamb to slaughter group 3. Slaughter dates were set by projecting when the average slaughter group live weight would reach 50 kg. Lambs were slaughtered at three time-constant end points of 78, 93, and 107 d on feed (average age of 155 dl.
Live masculinity scores were recorded for each lamb before slaughter and scored by a twomember panel from 1 to 5 (1 = wether and 5 = very masculine) based on physical appearances of the head, neck, and overall body proportions relative to the characteristics of average young wether and ram lambs of the same age.
To investigate changes in serum testosterone (TI in ram lambs, blood samples were collected at weaning (average of 62 d), every 28 d thereafter until slaughter, and a t slaughter. Samples were collected via jugular venipuncture into two 15-mL vacuum tubes, refrigerated for 24 h at 5"C, and centrifuged to separate serum, which was stored frozen at -20°C until it was assayed. Blood samples at slaughter were collected during exsanguination. Serum T was quantified by RIA (Pruitt et al., 1986) .
Slaughter Measurements. Feed was withdrawn approximately 14 h before slaughter, and lambs were transported to the Kansas State University Meats Laboratory.
Testes were removed and trimmed free of the epididymides, after which weights of both testes and epididymides were recorded and averaged. Weights of only one testis and epididymis were used for three NI ram lambs that each had one abnormally small testicle and an unusually large accumulation of fluid within one-half of the scrotum.
Foreshanks, with the break/spool joint intact, were removed at the knee, vacuum-packaged, and frozen at -20°C until later evaluation of break joint strength. Overlying connective tissue was removed, and tendons surrounding the joint were severed. On a Universal Instron (Model 14201, Instron Corp., Canton, MA), compression force was applied until the break joint cracked, and the Instron was stopped manually. Peak breaking force was recorded.
The USDA (1982) quality and yield grade data were collected at 24 h postmortem. Additional quality traits evaluated were lean color, firmness, and texture, marbling score from the 12th rib longissimus muscle, and flank color. Lean and flank colors, lean firmness, and lean texture were scored from 1 to 8 (1 = bleached red, very soft, or very coarse and 8 = very dark red, very firm, or very fine). Subjective scores of 1 to 5 were assigned for fat color and firmness (1 = very white or very firm and 5 = very yellow or very soft). Degree of carcass masculinity (buckiness) was scored from 1 to 5 (1 = no masculine development, 5 = extremely masculine, typical of a mature ram).
Fabrication. At 26 to 30 h postmortem, kidney and pelvic fat was removed and weighed, and carcasses were fabricated into untrimmed primal cuts according to National Association of Meat Purveyors (NAMP, 1988) guidelines. Primal cuts were trimmed to < 2.5 mm of external fat and further fabricated into the following subprimal cuts: 204A Rack, Roast Ready, Single (left side only); 208 Shoulder, Square-Cut, Boneless, Tied; 232A Loin, Short-Cut, Trimmed; and 233C Leg, Shank Off, Single. Riblets, shanks, and lean trim weights were added to trimmed subprimal weights to calculate the total weight and percentage of trimmed salable product.
The femur was removed from the left leg for circumference and length measurements. Length was measured from the fovea of the head of the femur, in a straight line, to the ventral edge of the medial condyle. Diameter was measured in the center (minimum circumference) of the diaphysis.
Statistical Analysis. Because of uneven sample size, all data were analyzed using the GLM procedure of SAS (19851. In a 2 x 2 factorial arrangement, gonadal status (rams vs wethers) and implant (I vs NII treatments were considered main effects and slaughter group a block effect.
The statistical model included slaughter group, gonadal status, implant, gonadal status x implant interaction, and residual error. Main effect and interaction means for performance, slaughter, carcass, or fabrication traits were separated using least squares procedures when the respective Ftests were significant (P < .05).
Serum T and scrotal circumference were analyzed (for rams only) in a pseudo-split-plot design with implant as the main plot and animal age at serum collection or measurement as the subplot. The statistical model included implant, whole-unit error, animal age, implant x animal interaction, and subplot error. Main effect and interaction means were separated by least squares procedures when the respective F-tests were significant (P e .05) using appropriate error terms for splitplot analyses.
Trial 2
Live Animal Measurements. Thirty-three fall-born, male lambs were reared on their natural dams from the same flock as those used in Trial 1. All lambs were sired by Suffolk rams and managed preweaning similarly to those used in Trial 1. At a n average age of 14 d (4 to 26 d of age) lambs were allotted to one of four treatment groups: NI rams, I rams, NI wethers, and I wethers. Each treatment group had eight lambs except for the I wether group, which had nine. Implant treatment lambs were implanted initially with 12 mg of zeranol, and wether lambs were castrated by elastrator banding.
Implanted lambs were reimplanted with 12 mg of zeranol at a n average age of 55 and 98 d. Lambs were weaned, weighed, revaccinated for enterotoxemia, and measured for scrotal circumference at a n average of age 90 d. After weaning, lambs were fed a 70% concentrate finishing diet, weighed every 14 d, and slaughtered 7 d after each lamb weighed a minimum of 50 kg. One I ram was removed from trial 40 d after weaning because of a rectal prolapse. Slaughter, carcass, and fabrication procedures were the same as in Trial 1 with the exception that femur measurements were not taken.
Statistical Analysis. Because of uneven sample size, all data were analyzed using the GLM procedure of SAS (1985) . In a 2 x 2 factorial arrangement, gonadal status (rams vs wethers) and implant (I vs NI) treatments were considered main effects. The statistical model included gonadal status, implant, gonadal status x implant interaction, and residual error. Main effect and interaction means were separated using least square procedures when the respective F-tests were significant (P e .05).
Results and Discussion
Trial 1
Live Animal Measurements. Performance data for Trial 1 are presented in Table 1 . At the initiation of the feeding phase, all treatment groups had similar ( P > .05) weaning weights. However, by slaughter, rams were heavier ( P < .05), had higher (P e .05) ADG, and were more efficient (P e .05) in their feed conversion than wethers. Field (1971) and Seideman et al. (1982) also cited several studies that indicated the superiority of rams over wethers in ADG and feed conversion. Implanting improved feed efficiency ( P < .05) and tended ( P = .08) to increase ADG in both gonadal status groups, although I and NI lambs had similar ( P > .051 slaughter weights. In agreement, implanting with zeranol postweaning has been shown to improve growth rate and feed conversion in rams (Wilson et al., 1972a) and wethers (Sharp and Dyer, 1971; Wilson et al., 1972a,b; Wangsness, 1982) .
Live masculinity scores are presented in Table  1 . Based on visual appraisal of the secondary sex characteristics, rams had higher ( P c .051 masculinity scores than wethers and implanting did not affect these traits. In contrast, Unruh et al. (1986) found that implanting bulls with zeranol from near birth to slaughter reduced visual masculine development.
An implant x time interaction ( P < .05) was observed for scrotal circumference ( Testicular weights at slaughter (Table 21 were lighter ( P < .05) for I rams than for NI rams, but epididymal weights were similar. In agreement, decreased testicular development in bulls implanted with zeranol from near birth until slaughter, compared with control bulls, has been observed by Staigmiller et al. (1985) and Unruh et al. (1986) . Decreased testicular weight (Wiggins et al., 19761 , epididymal weight, and seminiferous tubule diameter (Riesen et al. 1977 ) have been observed in lambs implanted with zeranol postweaning.
Testosterone concentrations of rams increased (P < .05) over time (Figure 2 ). Wethers maintained a constant, low level ( c .2 ng/mL) of T. Both scrotal circumferences and testicular weight indicated decreased testicular development in I rams compared with NI rams. However, although the T concentration seemed to be higher in NI rams than in I rams at 90 d, no statistical differences were found. At slaughter, NI rams tended (P = .lo) to have a higher T concentration than did I rams.
Implanting with zeranol slightly decreased spermatogenesis in rams (Wiggins et al., 1980) and concentrations of LH in rams (Wiggins et al., 1976; Riesen et al., 1977) and bulls (Deschamps et al., 1987) . In addition, Deschamps et al. (1987) and Gray et al. (1986) reported decreased T in bulls implanted from birth until slaughter. Secretory spikes of T in rams as observed by Miller et al. (1989) probably contributed to the large individual variations in T concentrations in our study. The overall difference in T between I and NI rams, although not significant ( P > .05), reached a maximum level at 28 d postweaning and decreased thereafter. The tendency (P = .lo) of I rams to have lower T at slaughter than that of NI rams and decreased testicular development suggests that implanting may have delayed sexual maturity to a slight degree.
Carcass Characteristics. Carcass measurements are presented in Table 3 . Rams had heavier ( P < .05) hot carcass weights than wethers. This was primarily due to their heavier ( P < ,051 live weights, because wethers had ( P < .05) higher dressing percentages. Field (1971) cited several studies in which wethers had higher dressing percentages than rams. Implanting tended ( P = .lo) to decrease dressing percentage.
Rams were superior ( P < .05) to wethers for cutability traits of actual and adjusted 12th rib fat thickness, percentage of kidney and pelvic fat, and USDA yield grade. In addition, rams tended ( P = .071 to have larger longissimus muscle areas than did wethers, but gonadal status did not affect ( P > .05) leg scores. Numerous other studies also have found that ram carcasses are higher in cutability than wether carcasses (Field, 1971 ; Seideman et slightly soft; 6 = moderately dark red, moderately fine, or moderately firm. Wilson et al. (1972a,b) and Wiggins et al. (1976) also reported that zeranol had little effect on carcass yield traits. Few significant differences were found in quality traits (Table 3) . Similarly, Field (1971) and Seideman et al. (1982) found only minor differences in quality grades between rams and wethers. However, rams had (P < .05) darker longissimus muscle at the 12th rib, and the muscle also tended ( P = .lo) to be coarser. This is consistent with the observation that rams had ( P < .05) a slightly higher ultimate longissimus muscle pH (5.54 vs 5.46) than did wethers. Rams had softer, less white external fat IP c ,051, although scores for rams still indicated a firm, white fat cover. Implanting slightly increased (P < .05) fat firmness but otherwise had no effect ( P > .05) on carcass quality traits. Others (Wilson et al., 1972a,b; Wiggins et al., 1976) have also reported that zeranol had no effect on marbling, lean texture, lean color, or lean firmness.
Bone growth and maturation measurements are presented in Table 3 . Rams had longer ( P e .051 femurs with larger (P < .051 circumferences than wethers. Therefore, rams seemed to be structurally larger, with longer, larger bones than wethers. However, gonadal status did not affect ( P > .05) skeletal maturity, and implanting did not affect (P > .05) bone growth or skeletal maturity. In contrast, Hufstedler et al. (19901 found that older implanted wethers had increased carcass age scores compared with nonimplanted wethers. Chaudhary et al. (19851 and Unruh et al. (1986) found that bulls implanted with zeranol had decreased linear and circumferential bone growth and decreased bone density. Strength of break joints was similar ( P > .051 for all treatments. Ho et al. (1989) found that the break joints became fused earlier in ewes and rams than in wethers, although the joints of rams did not fuse until 557 d of age. Our lambs were slaughtered at a n average of 155 d of age. Accordingly, they were much younger physiologically and did not show any evidence of fusion. In contrast, Greathouse et al. (1983) and Unruh et al. (1986) found that implanted bulls, compared with control bulls, had increased skeletal maturities, although all bulls were in the A-maturity range at slaughter. The increased maturity of bone in those studies was attributed to the estrogen-like properties of zeranol.
Subprimal Yield Characteristics. Subprimal yield characteristics are presented in Table 4 . Rams had heavier ( P e ,051 trimmed ( c 2.5 mm) subprimal shoulders, loins, and legs than did wethers (NAMP cuts: 208 Shoulders, Square-Cut, Boneless, Tied; 232A Loin, Short-Cut, Trimmed; 233C Legs, Shank Off, Single; respectively). Accordingly, rams produced more ( P e .05) total weight of trimmed subprimals than did wethers. On a percentage basis, rams had more ( P e ,051 of their carcass weight in the trimmed subprimal shoulders than did wethers. Although the difference was not large (13.7 vs 13.2%), it might represent a significant reduction in value, because chops and roasts from the shoulder are typically of lower value than cuts from the rack, loin, or leg. In agreement, Seideman et al. (1982) cited several studies showing that ram carcasses had heavier neck and shoulder cuts than wether carcasses of similar weight. Rams slightly soft; 6 = moderately dark red, moderately fine, or moderately firm. and wethers had similar percentages of racks, loins, and legs. Furthermore, the percentages of total trimmed subprimals and of trimmed salable cuts were similar for rams and wethers. Failure to detect subprimal yield differences despite yield grade differences may be partially due to the longer, larger bones of rams. Implanting did not affect individual or total subprimal yields.
Trial 2
Live Animal Measurements. Performance data for lambs fed to a constant weight in Trial 2 are presented in Table 5 . All groups had similar (P > .OS) weaning weights. Postweaning, rams had higher ADG ( P < .05) and required fewer ( P < .05) days to reach 50 kg than wethers. In addition, rams had greater ( P < .05) weight per day of age than wethers. In agreement, older ram lambs fed for a constant, preassigned number of days in Trial 1 had postweaning performance superior to that of wethers. Implanting did not affect ( P > .05) postweaning growth.
Testicular traits for I and NI rams are presented in Table 6 . Implanted rams had smaller ( P < .05) scrotal circumferences at weaning (90 d average age) than NI rams. Testicular weights at slaughter were ( P < .05) lighter for I rams than for NI rams, but epididymal weights were similar ( P > .051. These results were similar to those obtained in Trial 1.
Carcass Characteristics. Rams tended ( P = .071 to be heavier at slaughter than wethers because of increased gains during the 7-d posttrial period before slaughter (Table 7) . Rams tended ( P = .081 to have less adjusted 12th rib fat cover than did wethers, but gonadal status had no effect ( P > .05) on leg score, percentage of kidney and pelvic fat, longissimus muscle area, or USDA yield grade. In contrast, older ram lambs in Trial 1 had less adjusted 12th rib fat, less kidney and pelvic fat, and a lower yield grade number than did their wether contemporaries. Implanted lambs had higher (P < .05) leg scores than NI lambs. In agreement, I lambs in Trial 1 had higher ( P = .05) leg scores than NI lambs. As in Trial 1, I and NI lambs in Trial 2 were similar (P > ,051 for traits of age and weight at slaughter, adjusted 12th rib fat cover, percentage of kidney and pelvic fat, longissimus muscle area, and USDA yield grade.
Rams had higher ( P c .05) carcass masculinity Ibuckiness) scores and softer external fat than wethers. Rams in Trial 1 also had softer external fat than wethers. Rams and wethers had similar (P > .05) flank color, lean color, lean firmness, lean texture, flank streaking, marbling, conformation, and USDA quality grades. However, rams in Trial 1 had a darker lean color than did wethers. In both trials, NI lambs had ( P e .05) softer fat than did I lambs. A gonadal status x implant interaction ( P < .05) was detected for fat color in Trial 2. Nonimplanted rams had (P < .05) less white fat than did I rams, NI wethers, or I wethers. In Trial 1, rams had less white fat than did wethers regardless of implant treatments. Implanted and NI lambs were similar ( P > .05) for all other quality characteristics measured.
In contrast to results in Trial 1, in which no differences were observed, more ( P < .05) force was required to crack the break joint of NI lambs than of I lambs. Rams and wethers had similar (P > ,051 break joint strengths. In addition, bone maturity (assessed visually) was similar (P > .05) for all treatments groups.
Subprimal Yield Characteristics. Subprimal yields are presented in Table 8 . Subprimal yields, expressed as actual weight or as a percentage of carcass weight, were similar (P > ,051 for all treatments. When fed to a time-constant end point (Trial 1, 155 d of age), rams had higher cutability carcasses, produced more total weight of salable cuts, and had a higher percentage of trimmed boneless shoulder, with minimal differences in quality characteristics. When fed to a weightconstant end point and sired by bucks with a greater growth potential (Trial 21, ram lambs were younger (132 vs 151 d) than wethers and had minimal differences in carcass yield and quality and subprimal cut yield and distribution.
Implications
Our studies indicate that implanting ram and wether lambs beginning near birth may increase growth rate but has minimal effects on carcass composition, subprimal weight distribution, visual maturity indicators, or break joint strength. Ram lambs grow more efficiently and rapidly postweaning than wethers when on accelerated feeding regimens. These production advantages can be achieved with few disadvantages in carcass quality and subprimal yield distribution. However, further investigation into pelt removal difficulty and palatability should be conducted before producers, packers, and consumers benefit from the more efficient production of ram lambs.
